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(54) Title: MAINTAINING PERFORMANCE QUALTIY OF BROADBAND SYSTEM IN THE PRESENCE OF NARROW BAND 
INTERFER^CE 

(57) Abstract 

A method and device 
which dynamically detects, 
tracks, andv filters interfering 
isighais wim ■■ isuflicient ^ipeed 
' '^i''wikiin;ca^ 
J^^ifr^e 

I :fiil^ty ::to/ c||^^ 
'; i^neatly reduoB = Uie -^leti^^ ■ - ' ■ 

intta*eror^« ; 
linlC'^^-'yS^i^^ ' 
RF^sigiiaJ " pat^ 
2>Iotch Filter "^\(Ahil^r,de 
TtaiTow band intdrfcrore-^abovc 
a thit»hojd!^;;lcvdM\^^^ i the 
CDMA ' signal . Destection : is • 
accomplished by ' x^ 
scaihhihg" of a jpireset excision 
band, c*g. " a'^ specified 
riaiTow band^.'^ assbciiiBd 
with an AMPS system. 
Detected interferors aro then 
automatically acquired and 
supjsressed. This is achieved 
by electronically placing 
a rejection notch at the 

frequwicy of tiie interfMxirs. , - - ^ . • 

Multiple notch filters may be used to simultaneously suppress multiple intcrferors. In the absence of mterferors a ^^^""^^'^ f^^^^ 
allowing the RF signal to bypass the notch. Upon detection of an intciferor, a switch is made to a suppression mode *^crc ^ mterferor 
is steered through a first notch section and suppressed. Alternatively, an external control line may be used to select the bypass mode so 
that the signal is allowed to pass the noteh section, regardless of interferor content. 
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MAENTAINTNG PERFORMANCE QUALITY OF BROADBAND 
SYSTEM IN THE PRESENCE OF NARROW BAND INTEREERENCE 

BACKGROUND OF THE INVENTION 

The present invention generally relates to wireless communications, and 
more particularly to use of notch filters to minimize tlie adverse affect of narrow 
band interference upon the performance of broadband systems. 
5 . . ■ ■ ' ' 

BACKGROUND DESCRIPTION 

The worldwide market for wireless phone ser\ace is- experiencing growth at 
an accelerated rate. It is well known that service reliability and performance are 
key conipetitive criteria in the telecommunications industry. Exiting and new 800 
10 and 190P-2vIH2 Code-DivisionMultiple Access (CDMA);wirele^^ 
of a solution to address prbblems caused^by/nan-bwiband^ 
as tliose gene;rated by- exi sting analog sites which, continue to provide cellular 
coverage in^ urban and non-urban areas. • < . . .. 

When deploying a CDMA telecommunications system within a. frequency 
,15 spectrum traditionally allocated :to^naiTp\\a^a^ , 

; (GSiM:jii;aJ&;eq 

^ speicti^in.is -rionii^ 

CO vierage, to pirotect the CDM A;;system3frGm^ Ijand interference 

20 maintain the perfomanee quality, of die system. .^^^^ is.not always 

practicable or economicaiy and ^^m some cases not possible, to,cleau:. a^^^ 
spectrum. An example where ,itniay be impossible is in couintry or state bouiidaiy 
regions. Deleterious jsffects pf narrow band interference on CDMA , 
telecommunication systems include: an increase in blocked call and dropped call 

25 rates, disruption .of the , RJF power control system, iiicrease in average mobile 
station power consumption, reduction of ceil capacity, and shrinkage of cell site 
coverage area. In the worst case, a high level interferor can jam the entire cell or 
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sector, blocking all CDMA communications. which would normally be routed 
through the location. 

The use of adaptive notch filters in communications is not new. U.S. 
Patent No. 3,9 11, 366 to Baghdady describes a frequency demodulation receiver for 
5 separating a stronger and weaker signal, and removing the tmdesired signal. 
Baghdady 's invention employs a first mixer, a bandpass filter with a fixed tuned 
trap (notch), and a second mixer, to achieve a frequency variable notch filter. This 
filter bears some similarities to the frequency vai'iablc notch filter employed in this 
invention, however, Baghdady addresses only two FM signals and does not address 
10 scanning of a broadband signal for multiple nan owband interferors or tracking 
such interferors and notching them after acquisition. 

U.S. Patent No. 4,027,264 to GutJeber describes a system that scaiis over 
the spectral range of an intelligence bearing signal and locks onto and tracks the 
interfering signal. :B lit the interfering signaj is excised by generating a reiplica^^ 
15 subtra.6tiri^:thai^rert^^^ ,t v / 

U.S. Patent No. 5i307,5 17 to Rich describes an improved adaptjye notch 
filter for removing undesired cochannel FM interference, using an approach similar 
to that employed by Baghdady. The incoming signal is frequency translated to 
basebahd^igxials'ari^^ - ,i , ■ ; 

20 ULSi']p^t0htN6^5|^ 

narrowBand^ iritCrf^roH^iJi^a^^^ i<i^ijTconTing^signal is 

digitized and 

is discatdeif^and replic ^■■•''■^ :v -^U^ t \:t^:}? j-v r i 

U.S. Patent No: 5^703,874 to Schilling describes a spread spectrum CDMA 
5 cbrhrriuhications system for operation Wi thin the^isam e geograpliic region as 
occupied by a riiobile^ellurar systehiv the spectruin of which overlays the 
operating frequency of the mobile-cellular systeni.' In thisinventibn, the base 
station empipyis a comb filter for attenuating predetermined channels of the 
mobile-cellular system. It does not seek ahd attenuate narrowband transmissions at 
) arbitrary frequencies and occurrences. 
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U.S. Patent No. 5,640,385 to Long et aL describes a system for 
simultaneous wideband and narrowband communication, where the narrowband 
FM signal is embedded in the wideband signal in the base station transmitter 
circuitry. A notch filter is employed in the receiving circuitry and simultaneous 
5 narrowband and wideband wireless communication is supported, i.e. both the 

narrowband and wideband signals are recovered. Long et al. describes a system for 
employing both wideband and nan'owband signals in an overlapping spectrum. In 
particular, the system embeds narrowband signals witliin the wideband frequency 
band to form a composite wideband signal, and it is importaiit that ^narrowbaiid and 
) 10 wideband carriers be transmitted from a cornmon transmitter; the receiver in this 
system takes this composite signal, digitizes, transforms and. frequency filters it so 
as to separate the individual narrowband and wideband signals contained in the 
coniposite:;;The invention provides means for pptiniizing the capacity of a system 




narrowbandi signals Ifrom other systems, whSich appear at random within ,thc : : 
wideband- spectrum. ':, 

20 ' e-:.Itpis;.t^ V 
! •effet^jifQfr^ oi]h broadband ^ 

/ e^pfloymg;^^ ? 
' - ^applications, therreby restoiirig blocked calLaiid -y:' 

eJ irninating disruption o f the tRF.ppwencontro.lsy stern, ayo idingvincrcascs -in 
15 average mob ile^stati oh power cpiisumptionv maintaining icell capaGity,:and - , , /, : . 
maintaining, c^H site ;coverage tare / ^ ^ : ^ 

■ : Anptheriobject of the invention is to . preyent a high level interferor .from 
janrniing anrentire cell or sector, blocldng all co^ ^ 
normally be routed through a location. ^ . - _ 

0 It. is -a further object of^ the invention. to-provide a rnore convenient, less 

complex and less expensive, method for overcoming narrow band interference. 
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The invention provides a device for suppressing narrow band interference 
in a wideband telecommunications system. Means are provided for rapidly 
analyzing the wide frequency band with respect to. signal power levels in specified 
narrow frequency bands and detecting narrow band signal power levels received 
5 within the specified bands. There is shown how to derive an average composite 
wideband power level from signal power levels in the specified narrow bands, and 
then how to use these signal power levels to derive an adaptive threshold for 
identifying the narrow band interference. Finally, means are provided for setting 
one or more notch filters for suppressing the identified narrow band interference. 

In accordance with the invention as applied to wideband CDMA systems, 
the spectrum used by the wideband GDMA signal (e.g. having a band of .2288 
MHz) is frequency scanned for nanrowband analog AMPS signals (e.g. having a 
band of 30 KHz). An identified frequency band is then assigned to a notch filter 
and exci sed . Th e no tch fi I ter i s preferably imp letn ented, ho t as a tun ab 1 e fi 1 ter, but 
15 riathcr as a hanrowbaiidrn a fixed ihtcrincdiate frequency- (T^ 

input broadband radio frequency (RF); signal is shifted by a tunable: local' oscillator 
(LO) to place the detected interfering signal within ibc bandwidth of the notch. 
The effective center frequency of the notch is thus set by tuning the LO. 
In addition, the interference detection funetibiT may b 
20 scanning FM receiver in ca^^ where the cariri 6r freq uehcy and bandwidth of the 

interference ai'e lc^ advance;^ For exar^ . - 

: be AMPS ceiiular^t^^^ , 
; increments from 824 to '84^ v v^*i ■ . V -v r:/. 

A notable feature of the invention is that this^process is fast in contrast to 
25 more generic methods of filtering which take rnore time to be effc^ • 
appears to a telecommunications user as no more than a brief "click" in reception, 
if at all, and excises tlie iriterferor quickly^ enough to prevent or greatly reduce the 
probability of the occurrence of a blocked or dropped call due to the interference. 
A further notable feature of the invention is that additional notch filters 
30 may be added to allow removal of multiple interferors. In a preferred embodiment 
of the invention, responsive to an environment where there are rriore interferors. 



wo 00/46929 



-5- 



pcr/CAOO/00100 



than notch filters, those inlerferors with the largest amplitude are assigned to the 
notch filters. 

The present invention solves or mitigates the problem of narrow band 
interference in a manner which is less expensive and more convenient than other 
5 methods, and in some cases can complement other methods. The most common 
alternate method is to employ an Adaptive Anteima Array at the base station or 
mobile station. These systems arc expensive and complex, and require installation 
of tower top antennas and other equipment. 

The present invention requires minimal alteration of existing base station 
1 0 equipment and software. Installation is simple and is not time consuming, and 
may be accomplished without specialized personnel because it merely requires 
connecting a device in the receiver RF signal padi, preferably after the Low Noise 
antenna (LNA). The invention dynamically detects, tracks and filters the 
interferirig signals with.sufFicient speed and fidelity to eliminate or greatly reduce. 
5 tiic delieteri piis etlTects p f muxo w baii d interfering^ si gnal s; on -the; GE>JM A I i nk. 

. ' The solution requires the ■ ihstailation of one Adaptive Notch Filter .(ANF) . 
unit on at least one of the CDMA receivers located at each cell site. Whcnjnscrted 
in an RF signal path the ANF detects narrow band intcderors above a thre-shold 
level within the GDMA signal; and then automatically acquircs an 
P intdrfero^s/'^Tliis is /achieve^ 
freq ii ehc>^ 6 f^th e; n 

suppressi^d depending upon the numbcr of notch filter modules inst.al led- in . the 
equipment/'^T-v-""';^-'^^^^^ iK^-i " — vv: " 

The invention enables continuous scanning of a preset excision band to 
detect iritefferors:*''In the absence of interferors.a bypass mode is:selected.allowii^^ 
the RF signal to bypass the notch: Upon detection, the interferor is acquired and in 
accordance with the invention a switch is made to a^ stippression mode where tlie 
interferor is steered through the first notch section and suppressed. Multiple 
interferors are sorted according to level and the highest level interferors are 
selected and suppressed, up to the number of cascaded notch filters. Altemaiively, 
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an external control line may be used to select the bypass mode so that the signal is 
allowed to pass the notch section, regardless of interferor content. 

The invention implements a rapid functional test which has sufficient 
operational alarms and metrics to allow an operator, either locally or remotely 
5 through an RS232 interface, to determine the characteristics of the interferors and 
averaged recei ved composite CDMA power level . Another" aspect of the ihv ention 
is modular construction which allows the rapid removal and replacement of 
functional circuit elements, i.e. power conditioner, scanner, notch filter, and 
operational alamis and metrics modules. The invention comprises all four 
10 modules, but may readily be expanded by the addition of notch filter modules. At 
a practical level, of course, if there are a large number of interferors and all of them 
arc notched, there is a point at which there is not enougli energy left in the desired 
signal to be decoded. While the disclosed method is specifically adapted for base 
station interference control, it can also be adapted to: the mobile 
15 FuifeiinGre,vthe invention is applicable to a :V^^ 

a wideband system looks upon naiTowband signals as interferors >y hi ch must be 
excised in order to presei-ve the performance quality of the wideband system. The 
description herein uses Advanced Mobile Phone Service (AMPS) as the source of 
narrowband signalsi but the invention applies equal ly to other coniparable 
20 narrov/bauid sources such as Total Access; Conimuriication System (TAGS), Nordic 
Mob i I e Telbphdne (NIvIT), or GS M (the Eiiropean.GlobaK Sy stern for . fyipb i 1 c 
corrimunicatiohs).. ■ ^ ^ v-:^- 

Ill addition, the invention may be applied to a variety of brdadba.nd :c ^ 
signalling components., Although the system described in detail herein uses 
25 CDMA as a broadband signalling format in a . cellular-telecommunications system, 
systems which use other types of spread spectrum, carriers, such as direct sequence 
and frequisncy hopped signals used in wireless local area networks (W-LANs), 
point-to-point or multicast carriers such as Local Multipoit Distribution Ser\- ice 
(LMDS) systems can also benefit from the implementation of the invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other objects, aspects and advantages will be better 
understood from the following detailed description of a preferred embodimeni of 
the invention with reference to the drawings, in which: 
5 Figure 1 is a graphical representation of the spectrum of a spread spectrum 

signal. 

Figure 2 is a graph showing a spread spectrum signal plus a nanowband 
interferor. 

Figure 3 is a graph showing a spread spectrum signal after interferor 
) 10 excision. 

Figure 4 is a block diagram showing.the operation of a notch filler. 
Figure 5 is a^block diagram of a notch filter module in accordance with the 
invention./.*'.- ■ 
. ■ S/;; Figure 6=is a: :modifieatipn':pf Figure 
. 15 . rhultiple notch filters; ^^ignal^ Eue interl^^ : >p 

detailed description of a preferred.embodim ent of the 
invention' 

20 >^While thexpncept of^ernploy 

■not new^ thejpresent-ife 
4 multiple :notch 
; / adapieJd^to-ibixtv^ 
First; the linventibn eriipldys^a single 
25 and records all the narrowband channel received signal levels witlun the CDMA 
spectrum, and deri ves ;the;average composite GDMA ;po\ver, ..U si ng- di i s power 
in easurement, an adaptive, threshold is .deriy ed for detecting the p resence of. 
narrowband-interference. MThis-threshold varies as the composite received CDK'IA 
power varies. Such an adaptive threshold has an advantage over a fixed one, since 
30 a . fixed threshold may result in false detection of interference when the composite 
received CDMA power is relatively high. 
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Second, the largest N channels having levels which exceed the adaptive 
threshold are identified for setting N cascaded notch filters. The detector features 
hysteresis, where the ON threshold is set higher than the OFF. This reduces the 
degree of on/off "chattering" of the notch filter switching function. The received 
5 signal level of a mobile interferor will fluctuate due to multipath, therefore, to 
avoid undesirable switching on and oSof the associated notch filter, a count of the 
consecutive number of times the signal goes below the OFF threshold is made, and 
the notch filter is switched out only when a predetennined number has been 
exceeded- Third, the entire process of scanning, identifying interfering signals, and 
10 setting tlie notch filters is accomplished within a time period which is less tiian one 
IS-95 CDM A data frame period (20ms). This minimizes the disruption of the 
power control system by limiting the escalation of mobile power in an attempt to 
overcome the interference, and eliminates or greatly reduces the probability that a 
calJ will be blocked' or-dra^jped^due to the IhterfercnGC. : The ability of the invention 
1 5 to operate withiri;this/ fact that theimarrow ha^ 

intcrferors are known to occur in specified narrow frequency bands, e.g. the bands 
associated with AMPS,' which therefore can be discretely assigned to notch filters. 



presence 6 f fireq liericy hopp'ed GSM signal s and concurren tly d chop m u 1 tip 1 e GSM 
intei-ferbrs, tr&smitting the appropriate freqiiency hopping sequence to each of the 
•notch filters;-' • ^ - . - - : . ; 

The* notch filtering flirietibn of the invention is adapted to provide several 
advantageous. performance attributes. First, several notch fillers can be cascaded to 
handle the degree of interference experienced. Time to acquire and notch 



20 




5 



* 'Fuftherifibre, the scahnei-'aiid 'detector can be designed to detect-the 
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interfering signals is not directly proportional to the number of interfering signals, 
and in fact increases negligibly with the number of interfere rs. 

Second, each notch filter module consists of a first mixer, a local. oscillator 
(LO), a bandpass filter and notch filter at an inienmediatp frequency. (IF), and a 
5 second mixer. The effective center frequency of the notch frequency is set by 
tuning the LO. 

Third, each notch filter module also features an RF bypass switch to bypass 
the RF signal when notching is not required, and the notch filter system has a fail- 
safe bypass RF switch to bypass the system in the event of power loss or other 
10 failure modes in the system. 

Fourth, each notch .filter module provides unity :gain,^ and the overall gain of 
the adaptive notch filter system, is unity. This facilitates the modularity of the 
system, since notch filter modules can; be installed, or rem oyed^,^ or 
. puti,br7the entire^adaptive hotch^^^^^ 
1 5 V/iristaiied, \vith6iit changing re S4Qdulanty^;is:i^ 
.' setting; th e: bypass dei ay approximately :equa| to the/notch, smqdule^dcl ay . , . 
: 5 : - Fiftli, the control module senses; the number of and* position of no tclv 
modules that are present and operational, and adjusts the control algorithm , 
accord ing,iyV'.;^ ^VV;.::.,,r :: ■ = w^i- : ' 

20 Sixth, thd.tbtal a^ 

;;/v'a.vaiue.w^^ 

;-iri-mobiIe;io vbase;^ : v . 

' ^ - fc^Optidnaliyiith ; " v ' 

intcrferor and use this signal to mpdulateithe. note h * m odu je L0, jthus tmcking the 

25 interferbr.'"This technique can ;be;used. to .reduce the cpmple^^^^^ fiUer 
design.or avoid excessive filtering of the CDjy^ filter 
bandwidth adapts to the spectral width of the, interferor. v It allows, the. use of notch 
filterS'Of. substantially narrower band than the jnierferor spectrum, This technique 
is applicable to CDMA overiay on GSM, since die GSM channel is much wider 

30 than the AMPS channel (200 kHz, vs 30 kHz). - . . 
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The spectrum of a spread spectrum signal 10 is shown in Figure 1. The 
basic problem addressed by a notch filter is that this broadband or spread spectrum 
signal 10 and a narrow band interferor signal 21 occupy the same band, as shown 
in Figure 2. If the strength of tlie narrow band interference 21 is such that it 
5 exceeds the signal to jamming ratio of the spread spcctnun signal 10, it is capable 
of deteriorating or eliminating any communication being made in tlie spread 
spectrum system. 

If on the other hand, the summed signals of Figure 2 are passed tlirough a 
notch filter located at the frequency of the narrow band signal 21 (with a resulting 
10 notch 3 1 ^s shown in Figure 3) communication is restored, although there will be 
deterioration of communication to a degree proportional to the aniount of energy 
removed from the spread signal by the notch filter. That energy removal is a 
residual interference hot eliminated by the notch filter. 

Obvioiisly, the inte;rfere;nce can oecur anywhere in spread spectrum (SS) 
15: band, and it is d^ir^ble that the notch filter hie tuneable; ilC . that the notch filter 
Ipcateable at any fircqiiency on the band where there is. a interferor: Notch filters 
tuneable over a wide band while maintaining consistent attenuation characteristics 
are very difficult, if not impossible to implement. Rather, it is much more feasible 
to design narrow band notch filters with high g elements (Xtals, SA\yS,. : , 
HELIGAi, FILT^ERSi' etci) ^t 

The shape of die ho tch filter m ay bematclied to com p I Cm cht th c expected 
interference. For example, if tlie interfetehce expected: is an AMPS^ signal^, the . 
filter can fee impiemehte^^ arhplitude response characteristic m to the 

FM modtilatiori defmed by the Ah^S stand^^^ 

Turning now to Figure 4, the tuning action required is achieved by 
sweeping the spread spectrum signal past the fixed 'notch and subsequently. . 
stopping this sweep when the interfering signal, is detected. The sweeping action is 
obtained through the iise of a voltage controlled local oscillator 41. and down 
converter 42: The SS signal is at an intermediate frequency where it is convenient 
and economical to realise the notch filter 43. After removal of the interferor by the 
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notch filter 43, the resulting "cleaned up" SS signal is returned to its original 
frequency by the up converter 45 using LO 41. 

The addition of a bandpass filter 44 centered at the EF and somewhat 
greater in bandwidth than the sweep range of the VCO 4 J and the bandwidth of the 
5 SS signal is used to select the lower sideband of the down conversion process. 
Similarly, another band pass filter 46 is used at the output of the up converter to 
again select the lower sideband of the mixing process. As may be readily seen, the 
upper sidebands of the respective conversions may also be chosen, as can a choice 
of Fvco < with equally valid results. The particular selection of Fyeo > ^^^^ 
10 the realisation of the filtering requirements. 

As yet missing from the process is of course the means by which tlie VCO 
sweep is halted at the correct frequency that places the interferor in the notch filter. 
This' function is provided by an adapitation of a signal scanning onsearching 
'■■ receiver 57 as shown; ih' Figt^^ scsuining^rcdcivci^iis Qompris^ 

15 vbandvsingie'C^i^ ■ 
(RSSI) 53. The FM detector is used to receive narrovvbkhd.signals at- exa^^^ 
same frequency as that of th 6 notch: filter. Thus, when an i nlerfcring signal is 
present it is detected and its amplitude level is detennined by the RSSI voltage. 
; Thi^ RSSrydltage^S 

20 ^:^esult£u^t:cc)mpa^ - : 

. Simplei^am 

/ geiieratpir i56'swe^m^ and ■con^Sfk)ndingly: sets tli^ 

appixjprrate' fi^^ in terferijig signal ;/aTT^ sets 

the effective notch filter to excise the interfering 'S^ SS. signal..- ; 

25 Inclusion of discrirniiiitor 57 in the scanner outputiailows an AFG (Automatic 

frequency . control) loop 58 to be closed, including the yCG,41. . This maintains the 
iiotch position ais long as the jamming is present. The loop parameters when 
appropriately chosen also allow the notching action to track FM signal deviations. 
A realisation of the overall circuit appears as in Figure 5, which can be 
30 considered asa module for the removal of one narrow band iriterferor. Note that 
the bypass switch 51 has been added, to preclude any signal deterioration when no 
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jamming is present. This is controlled by the opposite state to the activated 
comparator 52, Up to a reasonable point, these modules can be cascaded to 
remove a number of interferors. This "reasonable point" is related to the 
bandwidth of the notch filter (i.e. the amount of signal energy removed from the 
5 spread spectrum increases with the addition of each notch) and the practical 
problems of intermoduJation products that are generated with a large number of 
interferors. 

Figure 6 is a modification of Figure 5, intended for use in cellular base 
stations, located in areas where AMPS signals are received and co-Jocated in the 
10 band of CDMA signals. The individual notch modules 61 perfonri the same 

function as described previously, however they do not contain an FM receiver or a 
swept VCO. This detection function is now handled in a scanning FM receiver 62. 
It will be noted that removal of the receiver from each of the notch modules does 
not permit a firequericy tracking, function to be obtained. ; Hp vvcver, because the 
15 pararn eters o fth e. noten ti aj i n terferors ;( AMP ar^e kiiovy n i mbpthvfreq uen^^^^ and . 
bandwidth, this capability is not required: : 

In Figure 6, tlie direct digital synthesiser (DDS) local oscillator 63 
repeatedly tunes the narrov/ band FM receiver 62 through the CDMA band and in 
AMPS channelvsteps (i^e., 3G KHz sleps:ifipni step being 

20 generated by a digital: wprd^sent.tb Thp RSSl 

output 65 oi\the 

iii each of the^aighal chi^ anMogue^to digital convened 

(at A/D'G6riverter block ;66) and -stored for processing iii jmi 

RSSI level is compared to a. notch filter QN tliresholdi. and jf h exceeds it, a notch 

25 filter is assigned, to- the channel, if one is available. If all notch filters^ '^9^}} 

the RSSrievel is compared to the lowest-level of the notched interferors, ^and if it 
exceeds this value, the frequency of this notch will be changed -to the new channel. 
The notch filter center frequency is modified by sending a control word to a phase 
lock loop (PLL) 67 that sets up the proper LG frequency for the down and up 

30 conversions in each notch module. This LO generated by die PLL 67 through the 



PCT/CAOO/OOlOO 



wo 00/46929 



-13- 



PCT/CAOO/00100 



infonnation from the microprocessor 64, places the notch at the appropriate 
frequency to excise the AMPS channel. 

The threshold setting 54 (notch filter ON threshold) can be an adaptive 
threshold determined from the results of the tuning the narrowband FM receiver 62 
5 through the CDMA band. In particular, the stored RSSr voltages can be processed 
by the microcontroller 64 to determine an average composite power level for the 
spread spectrum signal 10. This composite estimate level is then used as a 
reference in determining the threshold setting, such as by adding a constant 1 0 or 
15 dB increment to the calculated average signal level. The estimate for the 
10 composite power level for the spread spectrum signal can be improved by, for 
example, not counting the strongest tliree RSSIs in the calculation. 

A prioritising function, in the microcontroller 64 software, selects those 
signals, for elimination by the notch modules 6 1 , which arc the strongest and 
capable of doing the- rnost d^^ 
15 nuiriteir of notch m^ 61 whicli can^e us^^ 

considerations of economics and signal path distortions, the number should be 
matched statistically to tlie potential threat. The weaker signals thai are noi 
notched, if they are not contained by the jamming margin of the CDMA signal, 
vy^i 11 be ameliorated by the power control link betvyccn the base station and the 
:20 rnqbjife,:^: v^;' ^ J; • 

; H ere the base station, circuits d etermi ne ah increase i n errors of tlie recc i ved 
, signal arid. send a command signal to the niobile transmitter to increase its power. 

Th^.microproccssdr 64, in addition to its duties for the notching actions, 
senses equipment faults enabling a bypass mode should a fault occur. Also, 
25 provided is a built in test equipment (BITE) ftmction and a means of averaging the 
RSSI outputs over the whole CDMA spectrum to assess the received power level 
of the latter. The data thus obtained is used for threat analysis, signal analysis and 
housekeeping functions. These are made available locally at the base station and 
remotely. 
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While the invention has been described in terms of a single preferred 
embodiment, those skilled in the art will recognize that the invention can be 
practiced with modification . within the spirit and scope of the appended claims. 
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CLAIMS 

What is claimed is: 

5 1. A device for suppressing narrow band interference in a wideband 
telecommunications system, said system being operable in a wide 
frequency band, comprising: 

means for. rapidly analyzing said wide frequency band with respect 
to signal power levels in specified narrow frequency bands and detecting 
10 said narrow band signal power levels receiyecl within said specified bands; 

means for deriving an average composite wideband power level 
from said narrow band signal power levels; 

means for using said signal; power levels to derive an adaptive 
. threshold for identifying said narrow band i liter feren^ 
15- ; : k V -means fonse^^ nptiqlr filters for s ^^1*^ ■ 

■ i denti fi ed[ tiianxsvv band i n terfbrerice: , 

The device of claim ] , wherein said wideband system is a CDMA system 
, and said spcci fied freq ucncy bands are.jdeterniinedvfrQnvan , AMPS system. 

..y.. Tlic device of claim. 2v; wherein said analysis. means, said deriving means, 

: said identifying means and said setting rneans/al> arc accompli 
r :-vone GDMAjdata frarneip^riod;. 

The device of claim I , ..wherein said detecting means :is adapted to detect the 
presence of fi-equency hopped GSM signals and concurrently dchop 
. multiple GSM interferors by transmitting the appropriate frequency 
•hopping sequence to each of said notch filters. 

30 5: The device of claim 1, wherein said notch filter comprises: 
a first mixer, 



. 2. 

; 20 ■ 



25 4. 
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a voltage controlled oscillator; 

a narrowband fixed frequency filter; and 

a second mixer, 

wherein said first mixer and said voltage controlled 
5 oscillator heterodyne a radio frequency signal to an intermediate 

frequency signal, said interaiediate frequency signal then being both" 
notch filtered and bandpass filtered, wherein said second mixer 
translates said filtered signal back to said radio frequency. 

The device of claim 5, wherein said notch filter is bypassed by means of a 
radio frequency switching circuit when no interferor is delected, wherein 
said switching circuit has a switching threshold which is higher for 
switching in the notch filter than for bypassing thc notcli filter. 

Avmethod for suppressing nan-ow band in terfci^encc in a widcba 
tclecorrimuni cations system^ said systcrh.rbeing operable in a wide 
frequency band, the method comprising the steps of: 

rapidly analyzing said wide frequency band with respect to signal 
power levels in specifled.narrow frequency. bandsi and. detecting said narrow 
band signal power levels received within said specified bands; 

\ deriving an -average composite wideband power level from said 
naiTOw'b^d^si^itdvp^ x - : - . ; n . 

usiiig siiid average composite wideband' povver levels -t^ 
threshold for identifying said narrow band interference; and 

' setting a notch. filter for suppressing. said identified narrow band 
interference. . .. . 



10 6. 



15 7. 



20 



8. 



The method of claim . 7, wherein said wideband system is a CDMA system. 
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9. The method of claim 8, wherein said analyzing step, said deriving step, said 
identifying step and said setting step all are accomplished within one 
CDMA maximum permissible frame delay period. 

5 10. The method of claim 7, wherein said wideband system is a spread spectrum 
system. 

11. The method of claim 10 wherein said wideband system is a wireless local 
area network system. . - . 

( ) 10 

1 2. The method of claim 10 wherein said wideband system is a local multipoint 
distribution service type system; 

13. ^ '-tod metho 7, wherein said specified- freqilency^^^^^^ 

■ 15^';; ■ 'v;'-'^etiE^ 

.14. The method of claim 7, wherein said specified frequency bands are 
determined from a TACS system. 

^ : : 20 15. The method of claim 7, wherein said detecting st:cp^^ . : : : 

k- ■^■^^•■■^;--'>*^W:^^^it " 

appropriate frequency hopping sequence to said notch filten- -'^ ^ 

25 

161 ' The method of claiin 7 step of deriving an avei-age composite 

widfebkhd poWer level comprises the additional steps of: - 

selecting a predetermined number of the sirbngest' narrowband 
signal power levels; and 
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not including the said predetennined number of the strongest 
narrowband signal power levels in a derivation of the average composite 
wideband power level. 

5 17. The method of claim 7, wherein the step of using said average composite 
wideband power levels to derive a threshold comprises the additional step 
of: 

adding a predetermined offset to the average composite wideband 
power level to derive tiie threshold. 

10 

18. The method of claim 7 wherein the step of rapidly analyzing said wide 
frequency band comprises the additional step of: 

stepping a narrowband receiver across the wide frequency band in 
frequency increments associated with each of a nuniber of channel 
15 frequencies associated with narr6^y band transniitters expected to be 

operating within tlie wide frequency band. 

19. The method of claim 18 wherein the expected narrow band transmitters are 
AAdPS cellular telephones and the frequency increments are 30 kHz. 

20. The method of claim 19 wherein the nan'owbandreGeiyerp^^ at least 
'■: . a r^cdye.sign^ 

■phamneli and the -E^^^ is iised to detennine: the narrow band signal power 
• leveils.-, . ^ . _ . 

25 

21 . The method pf claim 7 wherein the notch filter has an aniplitude response 
characteristic which matches an expected amplitude characteristic of the 

. narrowband interference. ... 



30 22. 



The method of claim 7, wherein the step of setting a notch filter 
additionally comprises the steps of: 



wo 00/46929 



-19- 



PCT/CAOO/OOIOO 



downconverting a radio frequency (RF) signal containing the wide 
frequency band to an inteimediate frequency (EF) signal, the frequency shift 
of the do wncon version depending upon a radio frequency of said narrow 
band interference; 

5 filtering said IF signal with a narrow band fixed frequency notch 

filter, to produce a notch filtered IF signal; and 

upconverting said notch filtered IF signal to produce an output RF 
signal, the frequency shift of the upcon vers ion depending upon said 
frequency of said narrow band interference, the output RF signal being 
C ) 10 returned to a radio frequency again coincident with said original radio 

frequency of said wide frequency band, 

23, The method of claim 22 wherein said narrow band fixed frequency notch 
. filter has a notch width corresponding ;t6 a bandwidth of an exp 

IS narrow; baiid^trahsniit^^ narrow band m ^ v r 

24. The method of claim 7, wherein at least i^oul 
one-half as wide as the narrow band interference. 

- : 20 25. Xhie method of claim 7, comprising the addi / 

7 .; ; ; ' 

given nptch filter output in the ciascade fe^ input of a next notch filter 
' ill thec^cade^ the multi^ 
given one oif a corresponding miiltiple instances of narrow band 
25 interference.:, ^ 
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MAfNTArNlNG PERFORMANCE QUALITY OF BROADBAND 
SYSTEM IN THE PRESENCE OF NARROW BAND INTERFERENCE 

BACKGROUND OF THE INVENTION 

The present invention generally relates to wireless communications, and 
more particularly to use of notch filters to minimize the adverse affect of narrow 
band interference upon the performance of broadband systems. 

5 

BACKGROUND DESCRIPTION 

The worldwide market for Wireless phorie service-is ekperiericirig growth at 
an accelerated rate; It is well knbwn that service reliability and performance are 
key corripetitive catena in the telecornmunications ind^^^ 
10 • aridll^9d6*^i^^ 

; of i Solution to; addres^ 
as thdsi generated ahalog-'si tes which coritiriue to provide cellular 

coverageniS urbaji ahd'iion^ - -y- • * = ; - ' 

When deploying a CDMA telecommunications system within a frequency 
1 5 ; spectnun traditionally- ^locateil;tp^^ v.v 
- ; ^ 

>y;:(&SKl)^^ ■^■^''\ 
: spectrum ^is jiom 

coyeragi, to protect the CDMA system .1^^^ * 
20 maihtam the perfoniiarice quality, of the system. However, it is hot.always 

practicable or econoniical,^ and in: some cases /not .possibl e, . to clear, all thejrequired > 
spectrum- An example where it may :b e impossible is in countiy or state boundary 
regions. Deleterious effects of narrow band interference on CDMA • r 
telecommunication systems; include: an increase, in blocked call and dropped call 
25 rates, disruption of .tlie RP power, control sysienv increase in average mobile 
station power consumption, reduction of cell capacity, and shrinkage of cell site 
coverage area. In the worst case, a high level interferor can jam the entire cell or 
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seclor, blocking all CDMA communications which would nonnally be routed 
through the location. 

The use of adaptive notch filters in communications is not new. U.S. 
Patent No. 3,911 ,366 to Baghdady describes a frequency demodulation receiver for 
5 separating a stronger and weaker signal, and removing the undesired signal. 
B aglidady Tinvention employs a first mixer, a bandpass filter with a fixed tuned 
trap (notch), and a second mixer, to achieve a frequency variable notch filter. This 
filter bears some similarities to the frequency variable notch filter employed in this 
invention, however, Baghdady addresses only tvyo FM signals and does not address 
3 0 scanning of a broadband signal for multiple nan owband interferors or tracking 
such interferors and notching them after acquisition. 

U.S. Patent No. 4,027,264 to Gutleber describes a system that scans over 
the spectral raqge of an intelligence bearing signal and locks onto and tracks the 
interfering signal. B ut the ihteFfering signal is exci sed by generating a rep 1 ica. and 
15 subtractingvthat replica fro : ... 

UiS. Patent. No. 5^307,517 to Rich describes an jrnproycd adaptive notch 
filter for removing undesired cochannel FM interference, using an approach similar 
to that employed by Baghdady. The jncqming sigiaal is frequency translated to 
basebarid signal S; and .sent ^ = ^ 

20 U.S. paterit;Np.,5i203,Q4S Wade^describes a^ - : 

narrowband uhterfefbrs. in a spread spec trumrsignaK w^^ 
digitized aild^tnmsfbrmcd^t^ 

is discardied-arid 'replaeed^i^ a hormalizM value, / ^ ; >. : . ^ ^ - - 

U.S. Patent.No. 5^703,874 to Schilling describes a spread spectrum CDMA 

25 commiiniGiations- system for operation within the samcgeograpliicT^ as. 
occupied by a mdbileTcellular system, the spectrum of which overlays the 
operating frequency of the mobile-cellular system. In this invention, the base 
station employs a comb filter for attenuating predetermined channels of the . 
mobile-cellular systein. It does not seek and attenuate narrowband transmissions at 

30 arbitrary frequencies and occiiirences. 
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U.S. Patent No. 5,640,385 to Long et al. describes a system for 
simultaneous wideband and narrowband communication, where the narrowband 
FM signal is embedded in the wideband signal in the base station transmitter 
circuitry. A notch filter is employed in the receiving circuitry and simultaneous ' 
5 narrowband and wideband wireless communication is supported, i.e. both the 

narrowband and wideband signals are recovered. Long et al. describes a system for 
employing both wideband and nanowband signals in an overlapping spectrum. In 
particular, the system embeds narrowband signals within the wideband frequency 
band to form a. composite wideband signal, and it is important that narrowband and 
10 wideband carriers be transmitted from a common transmitter; the receiver in this 
system takes this composite signal, digitizes, transforms. and frequency filters, it so 
as to separate the indi vidua! narrowband and, wideband si gnals contained i n the 
composite. \The invention proyidcs mearis -for.optiniizing thCiCapa^ of u system, 
using. such CO rnpG.s[te:sis];nals:^^^^ al.. does, not address jthe^pr^^ ^v. 

15 : ; of ednflic^^^^^^ wideband" s^stem^^^ . interference. froiTi,; . . . , 

nari-o.\^(baridisigniais ifrom , other systems wfi^^ within the 

wideband spectrum. ; -.^ry/ 

?Q ; "v^Itiistther^^ adverse ; 

V:-eiff^tS/<^^ on broadband communicate 

; ■ empl6>ingfari in wirelesyelecprnm ; 

; yappiicatibns; thereby: restoring bloclced, calliLnd^droppc^ rates, : reducing or : 
eliininatingidisrup.tion,pf:tlie RF power, control system, avoiding increases in 
25 average mobile station- power consurnpti oh, mainta^ 

maintainingvcell si^^^^^ I;;' U " 

Another . obj ect of die invention is to prevent a high level interferor from- 
jamming an entire cell or sector, bloclcing all communications which would . 
normally .be routed through a location. "■ ' 

^0 .. Itjs a further object of the invention to provide a more convenient, less 

complex- and; less.expensive method for overcoming narrow band interference. 
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The invention provides a device for suppressing narrow band interference 
in a wideband telecommunications system. Means are provided for rapidly 
analyzing the v/ide frequency band v/ith respect to signal power levels in specified 
narrow frequency bands and detecting narrow band signal power levels received 
5 within the specified bands. There is shown how to derive an average composite 
wi d eband po vver 1 evefS-om si gnal power 1 e vels in the speci fi ed narrow band s, and 
then how to use these signal power levels to derive an adaptive threshold for 
identifying the narrow band interference. Finally, means are provided for setting 
one or more notch filters for suppressing the identified narrow band interference. 

In accordance with the invention as applied to wideband CDMA systems, 
the spectrum used by the wideband CDMA signal (e.g. having a band of .2288 
MHzJ is frequency scanned for narrovC^band analog AMPS signals (e.g. having a 
band of 30 KHz). An identified freq uency-b;!"'^ • - then assigned to a notch filter 
and excised- -The h<Stf^b^^ : : • -iteduii^ 

[ ■ ■ Th cdia:t(3: frcd ucmby?(^^ ^^Th e \ ^ 
' i' by a tuiiab I c^i loeal ioscM lator 
bandwidih of the notch.' • 
y tuning the LO. 
: ^ ?v lay be perfonTieei ^by a-"^ ; ; 
v ■ ;y-ar^ ; ; • 

"''^iy^-- V v^p^terleret^ 
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25 



30 ma 
oft. 



..^ 



Cotvtro\fcpa^ 

de copies- 



Scaivtvepar- 



• is fast " in contrast to 
■I effect! ve^-^ Ian d^ • 
/''elickr;' in reception, 
greatly reduce the 
3 the iritGrfercnce- 
al notch filters, 
^rred embodinienl 
ire inteherors 
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than notch filters, those interferors with the largest amplitude are assigned to the 
notch filters. 

The present invention solves or mitigates the problem of narrow^ band 
interference in a manner w^hich is less expensive and more convenient than other 
5 methods, and in some cases can complement other methods. The most common 
alternate method is to employ an Adaptive Antenna Array at the base station or 
mobile station. These systems arc expensive and complex, and require installation 
of tower top antennas and other equipment. 

The present invention requires minimal alteration of existing base station 
10 equipment and software. Installation is simple and is not time consuming, and 
may' be accomplished without specialized personnel because it merely requires 
conneciihg a device iri the receiver RF signal path, preferably afteir the Low Noise 
antenna ( LN A); ' The in veritioii' dyhinii cal ly dbtectsy tracks and fil ters the : 
interfering i^ignals'w 
15 ,;■ the;del&^ri6us^^ 

The'soiiition f^iq aires the 
unit on at least one df the CDMA receivers lo^^^^ cell site. When inserted 

in an RF signal path the ANF detects narrow band intcrlerors above a threshold 
I eye 1 wi thi n .the; GDJyI-A 's igrial V and' Ih eh: aUtdm^^^ y * acq ii i res an d suppresses the 
interferors. This :is achieved by rejeclibn notch at tfic' ' ■ v 
frequency of 'the 'in'terfdrore rMirltip le/iriierf^ be si rri iil liiiicously. ^ ' - 

suppressed depending upon the number of notch filter modules instai rei^^^^^ ^ ^ 

The iri vch ti On enab 1 qs con tihuo us scanhirig o f a preset exci's ion band to 
1 5 detect interferors: In the abscncie 'o f iiitei-fefors* a by pass inode'^i's selec ied al 16 wi ng 
the RF'sigrial to bypass tKe notch. Upon detect! on ^the interferon in 
accordance \Vith the in ventibn' a switch^is made' to a suppf essioii mode where " the ' 
interferor is'steereld thro ligli the first notch sectiori'and suppressed'. Multiple - 
interferors ate sorted according to level and the highest level interferors are 
0 selected and suppressed, up to the number of cascaded notch filters. Altemaiively, 



20 
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an external control line may be used lo select the bypass mode so that the signal is 
allowed to pass the notch section, regardless of interferor content. 

The invention implements a rapid functional test which has sufficient 
operational alarms and metrics to allow an operator, either locally or remotely 
5 through an RS232 interface, to determine the characteristics of the interferors and 
averaged received composite^CDMA power Jevein^^mother aspecf^f tKFihvention 
is modular construction which allows the rapid removal and replacement of 
functional circuit elements, i.e. power conditioner, seamier, notch filter, and 
operational alanns and metrics modules. The invention comprises all four 
0 modules, but may readily be expanded by the addition of notch filter modules. At 
a practical level, of course, if there are a large number of interferors and all of tliem 
arc notched, there is a point at which there is not enough energy left in the desired 
signal to be decoded. While the disclosed method is speci fically adapted for base 
station interference control; it can.aisp(bc:adapted t^ mobile unit. ^ , . . ^ . , 
5 ' Furthermp 

a wideband system looks upon narrowband signals as. inte which must be 

excised Jn order to preserve the perfomiance quality of the wideband system. The 
description herein uses Advanced Mobile Phone Service (AMPS) as the source of 
narroAvband s i^^ jny ?n t j o ii app.l j es eq ual 1 y , to o theccom para^^ . ^ . 

.nairowband as/Tqlal Access '(^^^^ (T^ACS), Nprdic 

Mobile TeicphoTie,(Nr^ Sysi^m Jor^Mpj?i(^ , J 

/communicadons^irW . ^ ;-;^v -^v- -■y- - ■ ^ v.^.-> - 

In ddditibh, the invention m be applied to a variety of broadbahd. . ■ J , 
signalling components. Although the syste^^ cj^l^ii) here|n uses 

CD M A^ as a brpadband signal! i ng^format in a eel lular, telecpmrn un i cations. system, 
systems which use other types of spread spectrum carriers, such as direct sequence 
and frequency hopped signals used in wireless local are;a networks (VVrLArys), 
point-to-point or rnulticast carriers such as, Local Multipoit Distribution Serv-ice 
(LMDS) systems can also benefit from the implementation of the invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other objects, aspects and advantages will be better 
understood from the following detailed description of a preferred embodiment of 
the invention with reference to the drawings, in which: 
5 Figure 1 is a graphical representation of the spectrum of a spread spectrum 

signal. 

Figure 2 is a graph showing a spread spectrum signal plus a narrowband 
interferor. 

Figure 3 is a graph showing a spread spectrum signal after interferor 
10 excision. 

Figure 4 is a block diagram showing the operation of a notch filter. 
Figure 5 is a biock diagram of a notch filter module in accordance with the 
invention..;. •, ■ ... . ■ • 

. Figure 6 i s a rhodilicati on of Fi giire; 5 ad apti ng- tl ic, i n venti on • r use witli 
15 multiple^ r^Qtp^^ 

detailed description of a.preferred embodiment of the 
invention' • . ■ 

20 . ; W 

:not nqw^,;tjie^prese^^ -^^ . 

' raultipic^nbtch filters-' , The.detcction :a^ . , - 

, adapted .to, pro vide a huniber of featuresj and ^attri butes; av h i ch arc iady aniagcp us . \ 
Fi rst, the invention emp Ip^^s a si ngle. fast.^actihg sca^ cr . and detep^ * 

25 and records all the narrowband channel received signal levels.within^the .C 

spectrum, and deri ves.: tlie. ayerage^-cpmposite; .CDNIA. power. LJsi ng thi s , po\y cr 
measurement; , an adapti ye thresho Id is derived for detecting the ^ presencq .of ^ . 
narrawband interference. This threshold varies as.thex.omposite received CDA'IA 
power varies. Such an adaptive threshold has an advantage over a fixed one, since 

30 a fixed threshold may result in false detection of interference when the composite 
received CpMA-power is. relatively high- , 
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Second, the largest N channels having levels which exceed the adaptive 
threshold are identified for setting N cascaded notch filters. The detector features 
hysteresis, where the ON threshold is set higher than the OFF. This reduces the 
degree of on/off "chattering" of the notch filter switching function. The received 
5 signal level of a mobile interferor will fluctuate due to multipath, therefore, to 
avoid undesirable switching on and off of the associated notch filter, a count of the 
consecutive number of times the signal goes below the OFF threshold is made, and 
the notch filter is switched out only when a predetemiined number has been 
exceeded. Third, the entire process of scanning, identifying interfering signals, and 
1 0 setting the notch filters is accomplished within a time period which is less ilian one 
IS-95 CDMA data frame period (20ms). This niinimizes the disruption of tlie 
power control system by limiting the escalation of mobile power in an attempt to 
overcome the interference, and eliminates or greatly reduces the probability that a 
call vvill be blocked dh di-bpjDed to the interference. The ability o^he ihv^ 

mterferors are known to occur in specified narrow frequency bands, e.g. tlie bands 
associated with AMPS, which therefbr^e can be discrcicly assigned to notch filters. 

The invention can optionally provide the following useful infomiation to 
thecellulai^^l^^ 
20 ■ intcr^ng^^i^ai^ 
cx>mp6^itefc^iY^^ 
ec^IJect^^^f^ 
gi^Hibally SispiaS? 

personnel and engineer; ■■ ^ ^'^ ^ ^-^'^^^^ • / ■ . ^. / : 

2 5 FurtheMore, the scahrier and ' d etecfor c aH b^ tjesi ^hed to cl etect the ^ ^ - 

presence of fretjuency CjSM signals aiid cbncurreintlx' dehop multiple" GSM 

mterferors; ti^sniitting the ippropriat? freq^^^ sequ ence tO' each of the 

notch filters. " ' , , . : . 

This; notch filteririg function of the invention is adapted to provide several 
50 advantageous performance attributes. First, several notch filters can be cascaded to 
handle the degree of interference experienced. Time to acquire and notch 
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interfering signals is not directly, proportional to the number of interfering signals, 
and in fact increases negligibly with tlie number of interferors. 

Second, each notch filter module consists of a first mixer, a local oscillator 
(LO), a bandpass filter and notch filter at an intermediate frequency (IF), and a 
5 second mixer. The effective center frequency of the notch frequency is set by 
tuning the LO. 

Third, each notch filter module also features an RF bypass switch to bypass 
the RF signal when notching is not required,, and the notch filter. system has a fail- 
safe bypass RF switch to bypass the system in the event of power loss or other 
10 failure modes in the system. 

. Fourth, each notch filter rnodule provides unity gain, aiid of 
the adaptive. notch filler system is. unity. This facili tales ihe modularity of the 
sy s tem , since notch fi Iter modu I es , can, be installed or removed, or s\y i tc h ed in or 
.G»ut,^or^the, entire iackfiti re- 
1 5/ = iiistaiiaci^ . : 

VseUingVthe :byp 

Fi ftli, . the cpntrql mod u 1 e s6nscs .the. number o f an d .posi ti on ,0 f notch , 
modules that arc present and operational, and adjusts the control algorithm 

20 . ; Sixth; .the. total abspl ute delayUn- die cascad cU: - n o tc h .fi^^^ ;■ v 

^' , a v:al ue. which idoes -ho t -resul t : i n^unariti cipaied .hand-o ffs^^duc to assbc iatc.d ; i ncreases 
V : ;.in^mQ!brl0Q^ distance^^ ■ 

intcrferor and use this signal to modulate ^theinotch' mod 11 !e,^^ 
25 intcrferor. This ;tec Im i que^can e , used to reduce the. comp 1 ex i ty.^o f th e .no tch fi Iter 
desi gn or ay o id , e?ccessi ve fi 1 teri ng . of the , CDfylA si gnal, since, the . effecti ye, filter 
b andwi dth . adap ts; to th e spectral , wi dth o f the^ interferor, .. It . al lows xhe^ use o f notch 
filters of substantially nan-ower band than the interferor speciirum. This technique 
is applicable to CDMA overlay pn.GSM, since die GSM channel is much wider 
30 . than the AN^S. channel (2^^ ... .... 
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The spectrum of a spread spectrum signal 10 is shown in Figure L The 
basic problem addressed by a notch filter is that this broadband or spread spectrum 
signal 10 and a narrow band interferor signal 21 occupy the same band, as shown 
in Figure 2, If the strength of tlie narrow band interference 21 is such that it 
5 exceeds the signal to jamming ratio of the spread spectrum signal 1 0, it is capable 
of deteriorating or eliminating any communication being made in tlie spread 
spectrum system. 

If on the other hand, the summed signals of Figure 2 are passed tlirough a 
notch filter located at the frequency of the narrow band signal 2 1 (with a resulting 
10 notch 31 as shown in Figure 3) communication is restored, although there will be 
deferioratibh 6f bommunication to a degree proportional to the amount of energy 
removed from the spread signal by the notch filter. That energy removal is a 
residual interference riot eliminated 

- _ v^^v i t u,-oiitxi^ic: 1^^^^^ pe luneao ie;7r;erinat vuie n^ De 

locateabie at'any^fr^squieric^ 

tuneable over a'wide barid while rriaihtaiiiing consistent ahcmiatibn-ci-i^^ 
are very difficult, if not impossible to implement. Rather, it is much more feasible 
<|esi^n naiTGw; bond notch; III ter^ with high elemehts^;(Xtuls,vS AVV^^^ 

■ - s'p^^e ^ shabe of- th e fi'o f ■ fi « i^nir-n w '^"jjec ted 




filter can imp iem^ 

FM rriodulatiori difine^^^ ■ - 1^.%-. ■ : i^^:^ : ; . 

25 • ^ "T^imiihg how & ; ^ 

sweepiing tKS ^read'sixectfiim signal the' fixed mitch and subseqtiehtly 
stopping^tKis sweep when the iriterferirig signal is detected; Th^ sweeping action is 
obtained thrbiigh the use' Of i voltage coriti-blied local' osci Ilatof 41 ^ down 
convierter 42. Tlie SS'sigiial is ai ah intemiediaie fi-equehcy where it is cdnvenieni 

10 and economical to realise the notch filter 43. ' After removal of the interferor bv the 
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notch filter 43, the resulting **cleaiied up" SS signal is rettimed to its original 
frequency by the up converter 45 using LO 41 . 

The addition of a bandpass filter 44 centered at the IF and somewhat 
greater in bandwidth than the sweep range of the VCO 41 and the bandwidth of the 
5 SS signal is used to select the lower sideband of the dovyn conversion process. 
Similarly, another band pass filter 46 is used at the output of the up convener to 
again select the lower sideband of the mixing process. As may be readily seen, the 
upper sidebands of the respective conversions may also be chosen, as can a choice 
of Fvco ^ Fc "wi^^ equally valid results. The plarticular. selection of Fvco eases 
10 the realisation of the filtering requirements. 

As y et missing from^ the process is of course the -means by .which the VCO 
sweep is halted -at the correct frequency, that places the interfcror in the noich filter 
Tliis fuhctibh! is provided' by an ada of a'signaLl^scanning or- searching, -a 




T5 

. . (RSSI) 53 . The FM detector i s used to receive. narrowband signalsiat cfxactly Ithe;. 
sarh e frequency as that^b f th e'noich. fi 1 tcr: Thii s; - when^ari i h lerfcri ng s ignal i s 
present it is detected. and -its, amplitude level is detennined by the RSSI voltage. 




; V Siiriple^^ y 
gen&rate 5^^$vv^i^in^^ V 
}■} ; -ap^ 



; -apprOp^ 

the: e ffecti ve ^hotch filter; lo'. exci se the^ i riterferihg isignal : fro m the S S ; s i gnal:- : r - y 
25 IncJ usion\6 f disiGn inmaibr'57:in^tlVe -scanner output allo.vvsiant AEG; (Automatics . 
frequency conit^61)'liGfep VG0;41 .: J^his- maihtains the. 

. notch :po^itiorf as ibngvasuh^^^^ is^preseht. 'The vloop. parameters when- 

appropriately; chosen 'also allow the note to.^track FM signal deviations; 

A riealisatidii bf the b vera! 1. circiii t appears as i n Fi gure 5 . which cari be ; . 
50 considered as a moHule for.the. removal of one narrow band inierferor, Note diat 
the bypass switch 5.1 has been added to preclude any signal deterioration when no 
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jamming is present. This is controlled by the opposite state to the activated 
comparator 52. Up to a reasonable point, these modules can be cascaded to 
remove a number of interferors. This "reasonable point" is related to the 
bandwidth of the notch filter (i.e. the amount of signal energy removed from the 
5 spread spectrum increases with the addition of each notch) and the practical 
" problems o^f inte^^ 
interferors. 

Figure 6 is a modification of Figure 5, intended for use in cellular base 
stations, located in areas where AMPS signals are received and co-located in the 
10 band of CDMA signals. The individual notch modules 61 perfonn the same 

function as described previously, however they do not contain an FM receiver or a 
swept VCO. This detection function is now handled in a scanning FM receiver 62. 
It will be noted that removal of the receiver from each of ihc' notch modules does 
not peniiit a frequency:. tracking function^ t^^ 
15 p arameters : o f the potehti al . in terferors (AMPS) ^e jcnp wii i n both frequency .and \ 
bandwidth^thisxapability is hotrequircd. , 'v^ 

In Figure-6, Uie direct digital synthesiser (DDS) local oscillator 63 . 
repeatedly tunes the narrow band FM receiver 62 through ihe CDMA band and in 
AMPS:channei^steps (i:e.,;3QtK:Hz steps fTOm^S2 S4^>MHz), eiicjvs^ 
20 generated by a .digital W9ixi \se^^^ : . 

bytput 65 ofedlevF^^ 
in eachpfithe i;ig^ 

(at !AT> 'Convert fauiS^stored^ifonprbces^ing iri niicrocpiitiplleTv^ ' , 

RSSI level is -compared to a, notch :fi Iter QK.threshoid, and if it exceeds it. a notch 

25 filter is assigned to the channel, if one; is available. If all notch^filters arc in .usc, 
the RSSI level is compared to the lowest level of the notched interferors, undjf it 
exceeds this value; the . frequency of this notch will be changed to the new. channel. 
The notch tllter center frequency is modifledvby sending axontro*! word.to a phase 
lock loop (PLL) 67 that sets up the proper LO frequency for the down and up 

30 conversions in each notch module. This LO. generated by the PLL .67 through the 
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information from the microprocessor 64, places the notch at the appropriate 
frequency to excise the AMPS channel. 

The threshold setting 54 (notch filter ON threshold) can be an adaptive 
threshold determined from the results of the timing the narrowband FM receiver 62 
5 through the CDMA band. In particular, the stored RSSI voltages can be processed 
by the microcontroller 64 to determine an average composite power level for the 
spread spectrum signal 1 0. This composite estimate level is then used as a 
reference in determining the threshold setting, such as by adding a constant 1 0 or 
15 dB increment to the calculated average signal level. The. estimate for the 
10 composite power level for the spread spectrum signal can be improved by, for 
example, not counting the strongest tliree RSSIs in the calculation. . 

A prioritising function, in the microcontroller 64 software, selects those 
signals, for elimination by the notch modules 61 , which arc the strongest and 
capable of doing the most damage to the composite CDMA signal. Although the 
15. number p^^ practical- ■ 

' cqnsi dcrati o ns of ecohorii i cs and signal path di st o h i o ns , th e n umber s hd u Id be 
matched statistically to. the potential threat. The weaker signals that are not 
notched. If they are not contained by the jamming margin of the CDfvjL^ signal, 
will be ameliorated by the power control link between :thc base station and the 
. • ?0.^"v mobile^' -w':: ->-!rV^'-; ;.."V v".: • •• \"v' \ ■•■ ry^y-- • v V^"'";"'" ' 

. Here the;bas^ stati on circuits determine an .increase in errors of the recci ved 
signal imd send a command signal to the mobile transmitter to. irici'case. its power.. 

; The mi croprocessor 64, ; in addi li on to i ts d li t i es. lor the n otch ing act i ons, 
senses equipment faults enabling a bypass mode should a. fault occur. Also, 
25 provided is a built in test equipment (BITE) function and a means of averaging the 
RSSI outputs over the whole CDMA spectnun to assess the received power level 
of the latter. The data thus obtained is used for threat analysis, signal analysis and 
housekeeping functions. These are made available locally at the base station and 
remotely. 
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While the invention has been described in lemis of a single preferred 
embodiment, those skilled in the art will recognize that the invention can be 
practiced with modification within the spirit and scope of the appended claims. 
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What is claimed is: 

5 1.. A device for suppressing narrow band interference in a wideband 
telecommunications system, said system being operable in a wide 
frequency band, comprising: 

means for rapidly analyzing. said wide frequency band with respect 
to signal power levels in specified narrow frequency bands and detecting 
10 said narrow band signal power levels received within said specified bands; 

: V nieans for deriving an average com 
. from said narrow, band, si gnal power levels; . . - - ^ v , 

■ , -i ; means v for using= sai d; sigrial po\yer j ey e I s to deri y c v^an adap li vc 
^ threshold for identifying said nairow- band in terference; 
J r5 X v ' 

■'/^identified'inaiTOWtbaridAinte^^ 

2. The device of claim 1 , wherein said wideband system is a CDM.A system 

said i deritifying fn eans :aiid sa d ^^etting .nicdns ?a li arc^^^ .wi thi n 

. V / .■;:•> :;"x:i^^;r!t^ohe^6fe^^^A^^ ;;^v^ 'i'r^v^vi^^'^V^ '^-^ ■[■: '•.■ ^ 

25 4/ ^^^ :y^e , device! ofi claim to detect the 

presence of frequency hopped GSM signals and conciiirentlyidchop 
multiple GSM interferprs by transmitting the appropriate frequency 
= hopping sequence to each ;of said notch .filters.. ; . . 



30 5. 



The device of claim I, wherein said notch filter comprises: 
a first mixer, 
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a voltage controlled oscillator; 

a narrowband fixed frequency filter; and 

a second mixer, 

wherein said first mixer and said voltage controlled 
oscillator heterodyne a radio frequency signal to an intermediate 



frequency signal, said intermediate frequency signal then being both 
notch filtered and bandpass filtered, wherein said second mixer 
Uranslates said filtered signal back lo said radio frequency. 

10 6. The device of claim 5, wherein said notch filter is bypassed by means of a 
radio frequency switching circuit when no interferor is detected, wherein 
said switching circuit has a switching threshold which is higher for 
switching in the notch filter than for bypassing the notch filter. 

15 . 7. V Ainethbd iot^i^ - 
telecommunications system, said systcrh being operable in a w^i 
frequency band, the method comprising the steps of: 

rapidly analyzing said wide frequency band willi respect to signal 
povver^evels in specified narrovv^frequencyi^ narrow 
20 ' band signal power levels received within 

■ . : ^ deriyihg^^a^^^^ 

■ '^riaifowibaiid 

using said average composite Widcban 
threshold for identifying said narrow band interference; and 
25 - V V- setting a notch filter fop suppressing said identified narrow band 

interference.- ■ ^ ^ ^ - , • ■ . 

8. The method of claim 7, wherein said wideband system is a GDMA system. 
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9. The method of claim 8, wherein said analyzing step, said deriving step, said 
identifying step and said setting step all are accomplished within one 
CDMA maximum permissible frame delay period. 

5 10. The method of claim 7, wherein said wideband system is a spread spectrum 
system. 

11. The method of claim 1 0 wherein said wideband . system is a wireless local 
^ area network system, - > ^ ^ 

10 

12. • The hiethod of claim 10 wherein said-wideb and system is a local multipoint 
, distribution serv^ice type system^;' / . ^ ^. ; • ■ . - 

; : ' ^ ■; . .. 13:^ : v^TKcimetht^ . 

14, The method of claim 7, wherein said specified frequency bands are 
determined from a TACS system. 



appropriate frequency hopping sequence to said notch fjlter/^^.= 

25; ■ . . -V: .^v \'- -\ ■■■ ■■ ' • . ' ■ ^ " ; . ■ ^ ' ■ ' ■ 
1 6: -^^'Tlit: methoid^f fclairri^ 7i wherein th^ Step^f derivihg^in :average composite 
\'-r*^widebaiicl-- pc^ 

. selecting a predetermined number of tlie'Sirorigest narrowband 
signal power levels; and 
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not including the said predetennined number of the strongest 
narrowband signal power levels in a derivation of the average composite 
wideband power level. 

5 17. The method of claim 7, wherein the step of using said average composite 
_ ^ _^ _ - —- —vvideband power levels to deri 
of: 

adding a predetermined offset to the average composite wideband 
power level to derive tlie tiireshold. 

10 

1 8- The method of claim 7 wherein the step of rapidly analyzing said wide 
frequency band comprises the additional step of; 

stepping a narrowband receiver across the wide frequency band in 
frequency incrernents asspeiated^^^^^^ 
15 frequencies associated with iiarrpw band; tmiismitters ;expec to be . 

operating withih the wide; frequency band. 

19. The method of claim 1 8 wherein the expected narrow band transmitters arc 
AMPS cellular telephones and the frequency incremenis are 30 kHz. 

20. The method: of claim. 19 whe^ 
a r^cbive-sign|ih 

\ chaimel^^smdili^^ 

levels;-.;-/-'. , :,■ J --T . j ■ .-■^ ■■ " \ / 

25 . 

21.. The method of. claim 7 wherein the notch filter has an amplitucie response 
characteristic v/hich. matches an expected amplitude characteristic of the 
naiTOwband interference. . . 



30 22. 



The method of claim 7, wherein the step of setting a notch filter 
additionally comprises the steps of: 
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downconverting a radio frequency (RF) signal containing the wide 
frequency band to an intermediate frequency (IF) signal, the frequency shift 
of the do wncon version depending upon a radio frequency of said narrow 
band interference; 

5 filtering said IF signal with a narrow band fixed frequency notch 

filter, to produce a notch filtered IF signal; and 

upcon verting said notch filtered IF signal to produce an output RF 
signal, the frequency shift of the upconversion depending upon said 
frequency of said narrow band interference, the output RF signal being 
10 returned to a radio frequency again coincident with said original radio 

frequency of said wide frequency . band- 



23. The method of claim 22 whercip said narrow band fixed frequency notch 
filter has a^riotch width Gon-espohcUng to a bandwidth o fan expected , . , . 

; 15 , : ; narrow ;bahd;trarismitt^ . • 

24. The method of claim 7, wherein :the frequency band is at least about 
one-half as wide as the narrow band interference. 
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: :given^hotc^^ 
:v V ■ : Y in die -ca^ 

given one of a corresponding multiple instances of narrow band I 
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SPECTRUM OF SPREAD SPECTRUM SIGNAL 



AMPLITUDE 
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SPECTRUM OF SPREAD SPECTRUM SIGNAL PLUS 



AMPLITUDE 




NOTCH FILTER REMOVES 
JAMMER PLUS SOME 
SS SIGNAL 
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FIG. 3 

SPECTRUM OF SS SIGNAL AFTER JAMMER EXCISION 
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